Aims/hypothesis Adverse events during intra-uterine life may programme organ growth and favour disease later in life. In animals, protein or energy restriction during gestation alters the development of the endocrine pancreas, even though the duration of malnutrition is different. Here, we evaluate the specific effects of both diets during different periods of gestation and the mechanisms underlying the decreased beta cell mass. Methods Pregnant Wistar rats were fed either a low-protein or a low-energy diet during the last week of gestation or throughout gestation. Fetuses and their pancreases were analysed at days 15 and 21 of gestation. Results The low-energy diet reduced the beta cell mass from 21-day-old fetuses by 33 or 56% when administered during the last week or throughout gestation, respectively. Fetal corticosterone levels were increased. At 15 days of fetal age, the number of cells producing neurogenin 3 (NEUROG3) or pancreatic and duodenal homeobox gene 1 (PDX-1) was reduced. Neither islet vascularisation nor beta cell proliferation was affected. The low-protein diet, in contrast, was more efficient in decreasing the fetal beta cell mass when given during the last week of gestation (−53%) rather than throughout gestation (−33%). Beta cell proliferation was decreased by 50% by the low-protein diet, independently of its duration, and islet vascularisation was reduced. This diet did not affect NEUROG3-or PDX-1-positive cell numbers. Conclusion/interpretation Although both diets reduced the fetal beta cell mass, the cellular mechanisms and the sensitivity windows were different. Early alteration of neogenesis due to elevated corticosterone levels is likely to be responsible for the decreased beta cell mass in low-energy fetuses, whereas impaired beta cell proliferation and islet vascularisation at later stages are implicated in low-protein fetuses. 
Introduction
The growth and development of the fetus are complex processes controlled by its genetic potential and influenced by the intra-uterine environment. Indeed, epidemiological studies have highlighted the strong negative correlation between birthweight and the appearance of insulin resistance and type 2 diabetes later in life [1] . This led to the hypothesis that some programming of these pathologies originates in early life. Subsequently, a worldwide series of epidemiological studies reinforced the concept of an early origin of the metabolic syndrome (for review see [2, 3] ). Hales and Barker [4] proposed the concept of the 'thrifty phenotype' resulting in early adaptations to a potentially adverse intra-uterine environment. The fetus optimises the use of a restricted nutrient supply. It diverts nutrients to critical organs such as the brain at the expense of organs such as the pancreas, the liver or the muscles [4] . Second, metabolic adaptations occur to maximise the chances of survival under poor nutrition. These adaptations become detrimental, however, when nutrition becomes normal or plentiful.
To elucidate the mechanisms underlying the programming of adult diseases, various animal models of intra-uterine growth retardation have been designed [2, 5] . In rats, pancreatic beta cell development is particularly sensitive to an altered intra-uterine environment [6] [7] [8] [9] . Long-term consequences may ensue and further the occurrence of type 2 diabetes, even in the next generation [10] [11] [12] [13] [14] [15] .
The development of the endocrine pancreas starts from a pool of common precursor cells that become progressively committed to the endocrine lineage under the control of a hierarchical network of transcription factors. At birth, the beta cell mass is determined by the recruitment of undifferentiated precursors, as well as the replication and apoptosis rates of the beta cells. Obviously, any disturbance of the environment of the endocrine cells at a specific developmental time-point, as it occurs in a poor intra-uterine milieu, may perturb the balance of controlling factors, thereby contributing to beta cell failure and diabetes later in life.
We have developed two models of fetal growth retardation in the rat, the first consisting of an isoenergetic lowprotein diet [8% protein vs 20% (w/w) in control animals] throughout gestation, the other one consisting of a energy restriction (50% of the daily food intake, low-energy diet) during the last week of gestation. At the end of gestation, the mass of the endocrine pancreas was reduced by approximately 30% in the malnourished animals from both models compared with the controls [16, 17] . The mechanisms leading to the defective development, however, are suspected to be different. In the low-protein fetuses, the replication rate of beta cells was diminished by about 50% and the apoptotic rate was increased [8] . In contrast, in the low-energy fetuses, the lower beta cell mass was not attributed to reduced proliferation or increased apoptosis, but rather to an alteration in islet neogenesis [17] .
However, not only the nature of the nutrient deficit, but also the duration of exposure differed in the two models, i.e. the entire gestation period with the low-protein diet, or only the last week of gestation with the low-energy diet. It is conceivable that the different time-windows would perturb the endocrine pancreas in different ways since its development follows a very precise time-schedule of regulation.
The aim of this study was to define the mechanisms through which the development of the endocrine pancreas is affected by the nature and duration of the dietary restriction.
Methods
Animals All procedures were performed with the approval of the Animal Ethics Committee of the Université Catholique de Louvain. Nulliparous female Wistar rats weighing 200-250 g (Janvier, Le Genest Saint Isle, France) were mated with male Wistar rats overnight. Copulation was verified next morning by inspection of vaginal smears. Midnight (0000 hours) was arbitrarily considered as time of mating and day 0 of gestation. The pregnant females were individually housed at 25°C with a 14 h light-10 h darkness cycle and had free access to water.
Diets The control diet (20% protein, w/w) and the isoenergetic low-protein diet (8% protein, w/w) were purchased from Hope Farm (Woerden, the Netherlands). The composition and source of the diets have been described elsewhere [18] . Five groups of animals were followed. Pregnant Wistar rats were fed the low-protein diet either throughout gestation (LP group) or during the last week of gestation (LPL group), or the low-energy diet (50% of the daily food intake of the 20% protein diet group) either throughout gestation (LE group) or during the last week (LEL group). Pregnant control rats received the 20% protein diet ad libitum. The fetuses were analysed at fetal day 15 and on the last day of pregnancy (day 21). Only fetuses with growth retardation at day 21 (defined as mean weight of control fetuses minus 2 SD [11] ) were selected in the LEL group, whereas all the LE fetuses were growth-retarded. No selection was made in the LP and LPL groups. A minimum of three litters per group and age were analysed in each experiment.
Sampling and analysis of blood and tissues At day 20 of gestation, 24 h before killing, the dams were injected with BrdU (50 mg/kg). At 21 days, fetal blood samples were rapidly collected for glucose, insulin and glucocorticoid assays from the axillary vessels, while the feto-maternal circulation was maintained. To avoid artefacts due to the circadian rhythm in corticosteroid levels each fetal sample was obtained between 0900 and 1000 hours. Fetuses were weighed. Then the pancreas, liver and brain were dissected and weighed. Pancreases from three fetuses per litter were used for immunohistochemistry and the analysis of the beta cell mass and proliferation, three others were used for determining islet vascularisation and three others for the analysis of the pancreatic insulin content.
For measurements of glucose concentration, 50 μl of blood were added to 500 μl HClO 4 (0.33 mol/l) for protein precipitation. After centrifugation, supernatant fractions were kept at −20°C until analysis. Blood glucose was measured by the glucose oxidase method using Trinder's glucose reagent (Sigma, St Louis, MO, USA and Stanbio Laboratory, Boerne, TX, USA).
Plasma was prepared and kept at −20°C for the determination of insulin and corticosterone concentrations. Insulin levels in plasma were determined by the Ultrasensitive rat insulin ELISA and the pancreatic insulin content using the high range rat insulin ELISA (Mercodia, Uppsala, Sweden). Corticosterone levels were determined using an RIA with highly specific corticosterone antiserum (UCB Bioproducts, Paris, France), as previously described [19] .
Fixation and tissue processing for immunohistochemistry
Pancreases from 15-and 21-day-old fetuses were fixed in 3.7% (w/v) formalin solution, dehydrated and embedded in paraffin. Tissues were sectioned lengthwise. Sections (5 μm) were collected on poly-l-lysine-coated slides. The slides were left at 37°C overnight and stored at 4°C until processed for immunohistochemistry.
Immunohistochemistry Tissue sections were submitted to a 10 min microwave treatment in a citrate buffer (Antigen Retrieval Citra Solution; Biogenex, Alphelys, Plaisir, France), permeabilised for 20 min with 0.1% (v/v) Triton X-100 in TRIS-buffered saline, and incubated 30 min with a blocking buffer [0.1% (v/v) Tween 20-3% (w/v) BSA in TRIS-buffered saline] before an overnight incubation at 4°C with the primary antibodies. Samples were then incubated for 1 h at room temperature with secondary antibodies. Double immunohistochemistry was performed using fluorescent dye-coupled secondary antibodies visualised under a Reichert Polyvar microscope (Vienna, Austria) or, alternatively, using enzyme-linked secondary antibodies revealed by diaminobenzidine (Vector Laboratories, Compiegne, France) or Fast Red (Dako, Carpinteria, CA, USA) substrates.
Primary antibodies were rabbit anti-PDX-1 (1/1,000) [20] , mouse anti-insulin (1/1,000; Sigma, St Louis, MO, USA), mouse anti-BrdU (1/200; Amersham Pharmacia Biotech Europe, Saclay, France), rabbit anti-NEUROG3 (1/ 2,000) and rabbit anti-PTF1A (1/2,000) [21] . Secondary antibodies (1/200) were FITC-labelled anti-rabbit, Texas Red-labelled anti-mouse, biotin-conjugated anti-rabbit (Jackson Immuno-Research Laboratories, West Grove, PA, USA), peroxidase-conjugated anti-rabbit (Promega, Madison, WI, USA), anti-mouse AP Conjugate (Promega). Biotin-coupled antibodies were revealed using alkaline phosphatase-conjugated streptavidin (BioGenex, San Ramon, CA, USA) or peroxidase-conjugated streptavidin (Amersham Pharmacia Biotech). Peroxidase was detected with diaminobenzidine and alkaline phosphatase with Fast Red substrate (Dako, Carpinteria, CA, USA) or with the Vector blue alkaline phosphatase substrate kit III (Vector Laboratories, Burlingam, CA, USA).
Assessment of apoptosis Cell death was examined using the TUNEL method with an in situ cell death detection kit (Roche, Indianapolis, IN, USA). Total nuclei were stained in blue with DAPI. Dual staining for apoptosis and insulin was performed as described above.
Morphometrical measurements On fetal age 15 days, pancreas cells producing PDX-1 or NEUROG3 were counted on three sections per animal, a total of six animals from three different mothers being analysed per group. Pancreatic duct area was determined by computer-assisted measurements on the same sections stained with Toluidine Blue using an Axioskop2 Mot Plus Zeiss microscope coupled with the Zeiss KS 400 3.0 software (Carl Zeiss GmbH, Jena, Germany).
Cells co-producing PDX-1 and insulin and cells positive for BrdU and insulin were counted on pancreatic sections of 21-day-old fetuses. The insulin-positive area was morphometrically measured on six sections per animal, a total of six animals from three different mothers being analysed per group. The beta cell fraction (%) was measured as the ratio of the insulin-positive cell area to the total tissue area on the entire section. The beta cell mass was obtained by multiplying the beta cell fraction by the weight of the pancreas, as previously described [22] .
Tissue preparation and Epon-embedding for vascularisation measurements Pancreases of 21-day-old fetuses were placed in ice-cold fixative [2.5% (v/v) glutaraldehyde in 0.1 mol/l phosphate buffer (pH 7.2)] for 2 h, rinsed and post-fixed in 1% (w/v) osmium tetroxide in phosphate buffer for 1 h. The pieces were washed in phosphate buffer, ethanol-dehydrated and Epon (Carl Roth, Karlsruhe, Germany)-embedded, as described previously [6] .
Vascularisation analysis Three semi-thin sections (1 μm) of Epon-embedded pieces were randomly cut in each pancreas and stained with Toluidine Blue. The area of the islets and of the intra-insular blood vessels was measured, using NIHImage 1.56 software in a Reichert Polyvar microscope (Reichart, Vienna, Austria). Their ratio in islets gave the volume density of blood vessels. To estimate the numerical density of islet blood vessels, the number of capillaries was counted in each islet and related to the islet area. Nine fetuses from three different litters were used in each group.
Statistical analysis All results are expressed as means± SEM. The statistical significance of variations was evaluated with Prism software (GraphPad Software, San Diego, CA, USA). Cell number, cell proliferation, beta cell fraction and mass, blood vessels number and density were tested by a one-way ANOVA followed by a Newman-Keuls test. p values<0.05 were considered significant.
Results
Effect of maternal malnutrition on body and organ weight No significant difference was observed in litter size after energy or protein restriction (range: 13.2-13.8 fetuses). The low-energy diet reduced the fetal body weight by 12% (LEL group, Table 1 ) when administered during the last week of gestation and by 17% when given during the entire gestation (LE group). The low-protein diet did not affect fetal body weight, either in the LPL or in the LP group. Both diets, however, significantly decreased the weights of fetal livers and pancreases, independently of the timewindow of administration. Fetal brain weight was not affected in any group.
Low-protein and low-energy diets impair fetal beta cell development The morphometrical analysis performed on the pancreases of 21-day-old fetuses showed that protein as well as energy restriction dramatically decreased the beta cell fraction and mass ( Table 2 ). In low-protein progeny this reduction was associated with a lower islet size but a normal islet numerical density (insulin cell-positive aggregates/cm 2 , Table 2 ). The beta cell mass reduction observed in low-energy progeny was accompanied by normal islet size but the numerical density of these islets tended to be reduced ( Table 2 ). In the case of energy restriction, the beta cell mass reduction was more pronounced when the restriction was given during the entire gestation compared with the last week only. The opposite was observed in the case of protein restriction, since the beta cell mass was more reduced if the fetuses were protein-restricted during the last week instead of the entire gestation.
Low-protein and low-energy diets decrease the fetal beta cell mass through different cellular mechanisms To investigate by which mechanisms the beta cell mass was reduced, beta cell proliferation and apoptotic rate were examined in 21-day-old fetuses. The possible involvement of neogenesis was investigated at day 15 of gestation. The percentage of beta cells positive for BrdU was similar to that of controls in fetuses exposed to the lowenergy diet, irrespective of the period during which the diet was given, suggesting that reduced proliferation did not participate in the decreased beta cell mass (Fig. 1) . Indeed, beta cells from fetuses exposed to the low-protein diet showed a 50% decreased beta cell proliferative capacity, independently of the time-window during which the diet was given (Fig. 1) .
In order to identify if apoptosis may be implicated in the reduction of the fetal beta cell mass observed on the last day of gestation, DNA fragmentation was examined using the TUNEL method in insulin-positive cells. We analysed 30 islets per fetus and per group but most of them were negative for apoptosis and no difference was observed between groups (range 0.25-0.29% of TUNEL-positive nuclei related to the total number of nuclei).
The number of cells immunoreactive for NEUROG3, a pro-endocrine marker for all islet cells, and for PDX-1, a marker for pancreatic progenitors and mature beta cells, was measured on pancreatic sections from the LE and LP groups at day 15 of gestation to investigate the involvement of neogenesis. In control fetuses, all the nuclei of epithelial cells contained PDX-1, a subset of cells showing more intense immunoreactivity. Fetuses exposed to the low-energy diet featured a decreased number of NEUROG3-positive nuclei and, even more dramatically, of PDX-1-positive nuclei in the epithelium (Fig. 2a and b,  respectively) . In contrast, the number of nuclei positive for NEUROG3 or PDX-1 was not affected in the epithelium of 15-day-old LP and LPL fetuses (Fig. 2a and b , respectively). At fetal age 21 days all beta cells coproduced PDX-1 in all groups (Fig. 2c) .
Malnourished fetuses feature a normal exocrine pancreas To study the impact of maternal malnutrition on the exocrine pancreas we performed immunohistochemistry for the transcription factor PTF1A, the main transcription factor involved in its development. We also examined the labelling of carboxypeptidase and of amylase in the exocrine cells. A normal immunostaining of PTF1A, amylase and carboxypeptidase in exocrine cells was detected in all groups of fetuses (data not shown), suggesting that the only target of maternal malnutrition was the endocrine pancreas.
Fetuses exposed to low-protein diet show decreased islet vascularisation
To investigate the consequences of maternal malnutrition on fetal islet vascularisation, the volume and number density of islet blood vessels was measured by morphometrical analysis on semi-thin sections in pancreases of 21-day-old rat fetuses from dams fed the different diets (Fig. 3a) . Blood vessel volume density as well as the number of capillaries per unit of islet area were markedly decreased in LP fetal islets compared with controls (Fig. 3b,c) . When the low-protein diet was given during the last week of gestation, the numerical density was significantly lower and the volume density tended to be reduced. In marked contrast, no evidence of altered vascularisation was found in the islets of LE or LEL energy-restricted fetuses (Fig. 3b,c) .
Effect of maternal malnutrition on pancreatic insulin content and plasma glucose, insulin and corticosterone levels in 21-day-old fetuses Despite the drastic reduction in their beta cell mass, fetuses exposed to the maternal low-protein or low-energy diet were normoglycaemic and normoinsulinaemic. Their pancreatic insulin content expressed per pancreatic weight was affected neither by the low-protein nor by the low-energy diet (Table 3) . This may indicate a higher insulin content per beta cell. The corticosterone levels were increased in the plasma from LEL fetuses (Table 3) , and even further in the LE group. However, no evidence of increased corticosterone levels was observed in the LP or LPL progeny. 
Discussion
Recent epidemiological data have highlighted the link between the intra-uterine environment and the appearance of late diseases such as type 2 diabetes, obesity and cardiovascular diseases [23, 24] . In this work we have studied the mechanisms of early malnutrition-induced alterations of pancreatic development, which may have long-term consequences for glucose homeostasis, as previously reported [13, 25] . We compared the effect of two types of restriction: a low-protein, but isoenergetic, diet and a low-energy diet. We also examined if the time-window during which the diet was administered would differently affect the development of the pancreas. Both types of malnutrition affected the global development of the fetuses in the same way. Only energy restriction induced significant growth retardation. The weights of the liver and the pancreas were reduced independently of the diet and time-window, but the brain was spared. Protein as well as energy restriction dramatically decreased the beta cell mass in 21-day-old fetuses. This is consistent with the significant reduction previously described in fetuses exposed to a 50% energy restriction during the last week of gestation or exposed to a low-protein diet throughout gestation [17, 22, 26, 27] . The impact of the low-energy diet on the beta cell mass was more noticeable when this diet was given during the entire gestation. In contrast, the effect of the low-protein diet was inversely correlated with the duration of the restriction. This implies different sensitivity time-windows for the two types of malnutrition.
Previous reports have shown that protein restriction throughout gestation decreased the beta cell proliferation rate in the fetuses at 21 days [8] . In this work we also demonstrated a lower proliferation rate when the LP diet was limited to the last week of gestation. This suggests that the protein restriction acts essentially by altering beta cell replication during the late part of gestation, a period featuring the highest beta cell proliferating activity in the normally fed rat fetus [28] . On the other hand, in agreement with Garofano et al. [17] , we observed a normal beta cell replication rate in LEL fetuses, as well as in LE fetuses when the LE diet was administered throughout gestation. Apoptosis was proposed to be implicated in beta cell alterations induced by maternal low-protein diet [7, 8] . However, beta cell apoptosis was extremely weak in each experimental groups, suggesting that apoptosis is not a significant contributor to the modulation of fetal islet development by maternal malnutrition.
At day 15, fetuses from the LE group displayed a reduced number of NEUROG3 positive cells, a transcription factor that controls the commitment of multipotent pancreatic endodermal progenitors to the endocrine fate [29] [30] [31] [32] . This indicates that the low-energy diet may act early during the exocrine-endocrine specification. In addition, the number of cells producing the transcription factor PDX-1, present in all pancreatic precursor cells at early stages while being Fig. 2 Maternal malnutrition reduces the production of transcription factors involved in endocrine differentiation in 15-day-old fetuses exposed to the low-energy diet from the first day of gestation. Immunocytochemistry was performed on pancreatic sections. Detection of a NEUROG3-positive cells and b PDX-1-positive cells in the duct network at day 15. The number of positive nuclei was evaluated per duct surface (100 μm 2 ) measured on the adjacent section. Means±SEM, n=6 from three different mothers, * p<0.05, ** p<0.01 vs controls (C). c Almost all cells co-produce PDX-1 (green) and insulin (red) in islets of 21-dayold fetuses, as seen after double immunostaining. Scale bar= 50 μm restricted to beta cells at later stages [33] , was also disturbed at day 15 in LE fetuses. At 21 days, as in controls, almost every islet cells that are PDX-1 positive co-produced insulin in LE and LEL groups, suggesting that the lowenergy diet acted at an early stage of beta cell development rather than on the final differentiation step leading to insulin production. On the other hand, in the LP and LPL pups we did not detect an altered number of cells producing NEUROG3 or PDX-1. In addition, we observed the coproduction of PDX-1 and insulin in these pups at 21 days. The beta cell proliferation rate being reduced in these progeny, we may suspect that the low-protein diet acted mainly on beta cells that were already differentiated. Taken together, these data indicate that different mechanisms are involved in the reduction of the beta cell mass in the two models of maternal malnutrition. The low-energy diet impinges on beta cell neogenesis, whereas the low-protein diet decreases the proliferation of differentiated beta cells, explaining the different time-window susceptibility for each diet: the low-energy acting on the transcription factors governing the differentiation of the beta cell and thus early in gestation, whereas the low-protein diet would act during beta cell expansion by proliferation and thus at a later part of gestation. This is consistent with the morphometrical assessment of the endocrine pancreatic structure, the lower proliferation producing smaller islets, whereas the deficit in neogenesis led to a lower number of islets.
In growth-retarded human fetuses, plasma cortisol levels are increased [34] and fetuses from women treated with prednisone during pregnancy display high rates of intrauterine growth retardation [35] . In rats, glucocorticoids were proposed to be responsible for pancreatic alteration observed in growth-retarded fetuses exposed to a lowenergy diet. Indeed, a 50% food restriction during the last week of gestation increased the plasma corticosterone levels in rat dams and their fetuses [36] and reduced the fetal beta cell mass [22] . Adrenalectomy, compensated by subcutaneous corticosterone implants in the dams, prevented the increase in plasma corticosterone and restored fetal beta cell mass in the same animal model [22] . In the present study, we observed that energy-restricted fetuses featured increased plasma corticosterone levels and lower beta cell mass. These alterations seemed to be proportional to the Fig. 3 Volume and number density of blood vessels in islets of 21-day-old fetuses. a Semi-thin sections of pancreatic islets; blood vessels are indicated with arrowheads. Scale bar=20 μm. b Volume and c number density of islet blood vessels as measured on semi-thin section. Means±SEM, n=9 from three different mothers, ** p<0.01, *** p<0.001 vs controls (C) [21] demonstrated that glucocorticoids play an important role in the pancreatic beta cell lineage. Glucocorticoids act during early development, before pancreatic hormone production, by modulating the balance between endocrine and exocrine cell differentiation [21, 37] . Here, we show that the transcription factors PDX-1 and NEUROG3 involved in the beta cell lineage were reduced by energy restriction. The reduction of PDX-1 appeared more pronounced than that of NEUROG3, suggesting that glucocorticoids target beta cell differentiation as previously suggested [22] . A lowenergy diet induced a rise in the fetal corticosterone levels, which in turn acted on the differentiation of the beta cells. This led to a decreased number of precursor cells producing NEUROG3 and PDX-1, and subsequently to an alteration of the beta cell mass.
The normal corticosterone levels we observed in the fetuses exposed to the low-protein diet are in agreement with previous findings [26, 38] and sustain the normal level of PDX-1-and NEUROG3-positive cells observed in the LP and LPL pancreas. However, Langley-Evans and Nwagwu [39] indicated by indirect methods that glucocorticoids levels were increased in protein-restricted fetuses. The different composition of the low-protein diets may explain the differences observed.
Accumulating evidence suggests that endothelial cells may participate in the development of the endocrine pancreas [40] [41] [42] [43] . Islet angiogenesis takes place at day 15 in the rat [44] . At the same time the beta cell proliferation rate increases [28] , suggesting a link between beta cell proliferation and blood vessel formation. Recently, signals from the endothelium that promote beta cell development and proliferation were identified [43, 45] . Here, we show that islet blood vessels are very sensitive to the lack of protein. In accord with our previous study [6, 9] , the volume and number density of intra-islet capillaries were reduced in LP islets while only blood vessel volume density was decreased in LPL islets. The strong association between islet vascularisation and beta cell proliferation reinforces the concept of a developmental association between endothelial cells and beta cells. However, it still remains unclear if the reduced beta cell proliferation in low-protein fetuses is the cause or the consequence of the perturbed vascularisation.
In conclusion, our present data show that a low-energy or a low-protein diet reduces the development of the fetal beta cell mass by different cellular mechanisms and at different critical time-windows. The beta cell mass is deficient in the low-energy pancreas because this diet reduces neogenesis, probably because of high glucocorticoid levels, rather than by impairing vascularisation and proliferation. Early gestation is thus a very sensitive period in this model. By contrast, the beta cell mass is deficient in the low-protein pancreas because this diet reduces beta cell vascularisation and proliferation without altering beta cell differentiation. Thus, in this model, pancreatic alterations take place at a later stage of gestation.
